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Equivalence Principle (EP) and Solar System Constraints
on R(1± ǫ ln( R
Rc
)) model of Gravity
aKh. Saaidi1 • bA. Aghamohammadi2
Abstract Experiments on the violation of equivalence
principle (EP) and solar system give a number of con-
straints in which any modified gravity model must sat-
isfy them. We study these constraints on a kind of f(R)
gravity as f(R) = R(1 ± ǫ ln( RRc )). For this investiga-
tion we use of chameleon mechanism and show that a
spherically body has thin-shell in this model. So that
we obtain an effective coupling of the fifth force which is
suppressed through a chameleon mechanism. Also, we
obtain γPPN = 1±1.13×10
−5 which is agreement with
experiment results. At last, we show that for Rc ≈ ρc
this model is consistent with EP, thin shell condition
and fifth force of chameleon mechanism for ǫ ⋍ 10−14.
Keywords Equivalence principle; Solar system Con-
straints; f(R) Gravity; Chameleon mechanism
1 Introductions
In the recent decade, the acceleration of the universe
expansion was discovered and is still a deep mystery,
(for review see e.g (P. Brax, C. Van de Bruck (2008),
W. M. Wood-Vasey et al (2007), E. J. Copeland,M. Sami and S.Tsujikawa
(2006),R. Durrer and R. Maartens (2008) )). Two ap-
proaches have been introduced for interpret the present
acceleration. One can either introduce an unknown
form of energy, dubbed dark energy, that suggest
about %70 of energy density of the present universe
is composed by it or modify the behavior of gravity
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at cosmological distances. In the first approach, the
most relevant candidate for the role of dark energy is
Einstein’s cosmological constant, which interpret the
cosmic expansion in the ΛCDM model (Y. Bisabr
(2010), S. M. Carroll (2001), S. Weinberg (1989),
T .Padmanaban (2003)) but in order to overcome its
intrinsic shortcomings associated with the energy scale,
several alternative models such as quintessence, etc
have been proposed (S. Capozziello and S. Tsujikawa
(2008)). Most of these models have the common
feature to introduce new sources in to the cosmo-
logical dynamics, but these models have the cos-
mological constant problem, the coincidence prob-
lem and the value of equation of state. On the
other hand, in the second approach, various attempts
to modify gravity have been presented(R. Bean et al
(2007),J. D. Evans, L. M. H. Hall and P. Caillol (2008)
,S. A. Appleby and R. A. Battye (2007),S. Nojiri and S. D. Odintsov
(2006)), (Y. S. Song et al (2007), L. Amendola et al
(2007), S. A. Appleby and R. A. Battye (2007)) (L. Pogosian and A. Silvestri
(2008), A. Aghamohamadi and Kh. Saaidi (2010)), (L. Amendola et al
(2007)). Among different approaches, there are modi-
fied gravity models so called f(R), namely (we replace
the Ricci scalar R in the Einstein-Hilbert lagrangian
density to some function f(R)), which do not seem to
introduce new type of matter and can lead to late time
acceleration. In fact, these theories can be reformu-
lated in terms of scalar tensor theories with a stabilized
coupling of the additional scalar degree of freedom to
matter. As theories of dark energy, they suffer from
the usual problems and are also potentially ruled out
by gravitational tests of Newton’s law. Among all cos-
mologically viable f(R) theories there is still an im-
portant issue to be pursued, they must be probed at
solar system scale. This claim was based on the fact
that f(R) theories are equivalent to Brans-Dicke theory
ω = 0, while observations set the constraint ω > 40000
(C. M. Will (2005)), and the post-Newtonian parame-
2ter satisfies γPPN =
1
2 instead of being equal to unity
as needed by observations(A. Chiavassa et al (2010),
T. Zwitter, U. Mumari (2003), Y. Bisabr (2010)).
The only way-out for these models is that behave as
chameleon theories (J. Khoury and A.Weltman (2004)),
i.e. evolve a field mass dependent on the local mat-
ter density (I. Navarro and K. Van Acoleyen (2007),
B. Li and J. D. Barrow (2007)) (T. Faulkner et al (2007)).
The scalar field mediates a fifth force which is sup-
pressed in the laboratory and in interactions be-
tween large bodies such as planets, but which may
be detectable between small test masses in space
(T. P. Waterhouse (2006)). In the massive bodies, the
fifth force is attenuated as the chameleon is trapped
inside very massive bodies (the sun for instance)
(S. Capozziello and S. Tsujikawa (2008)). It has ar-
gued that the existence of thin shell is usually adequate
to salvage f(R) gravity models (T. P. Waterhouse
(2006)). Meanwhile, in Ref. (L. Amendola et al
(2007)) the authors derived the conditions under which
a successful sequence of radiation, matter and accel-
erated epochs can be realized. In addition the sta-
bility conditions f,R > 0 and f,R,R > 0 are required
to avoid ghosts and tachyon for R ≥ R1, where R1
is the Ricci scalar de-Sitter point(A. A. Starobinsky
(2007)). There are viable f(R) models that can
satisfy both cosmological constraints and stability
conditions(Y. Sobouti (2006), L. Amendola and S.Tsujikawa
(2008), W. Hu and I. Sawicki (2007), S. Tsujikawa
(2008), S. Tsujikawa et al (2008)).
In this work we have used chameleon mechanism
to place constraints as a local experiments on a
viable f(R) gravity model, that in the our pre-
vious work (A. Aghamohamadi and Kh. Saaidi., et al
(2009)), have been proposed. Whereas some proposal
of f(R) model of gravity could not consistent with as-
trophysical and experimental data, we want to find a
model of f(R) gravity which has been the most agree-
ment with experimental data.
The paper is organized as follows. In first section, we
introduce a f(R) model, then we apply the local gravity
experiment constraints, as thin shell condition, equiv-
alence principle, fifth force on viability of the model.
Finally, the latter section is devoted to conclusions.
2 Primary Calculations
In a static and spherically symmetric space time, with
the metric
g¯µν = diag(1,−1,−r¯
2,−r¯2 sin2 θ),
the field equation (P. Brax, C. Van de Bruck (2008))
gives:
d2φ
dr¯2
+
2
r¯
dφ
dr¯
=
dVeff
dφ
, (1)
where r¯ is the distance from the center of symmetry
and
Veff (φ) = V (φ) + e
βφρ¯. (2)
Here ρ¯ is the energy density in the Einstein frame,
which is connected to the energy density ρ in the Jor-
dan frame via the relation ρ¯ = e3βφρ. We assume that
a spherically symmetric body with radius r¯c has a con-
stant energy density ρ¯in inside body (r¯ < r¯c) and the
energy density ρ¯out outside the body (r¯ > r¯c). The
massMc and the gravitational potential Φc of the body
with radius r¯c are given byMc =
4π
3 r¯
3
c ρ¯ and Φc =
Mc
8πr¯c
,
respectively. For obtain Veff , originally, we introduce a
f(R) model that can satisfy local gravity constraints as
well as cosmological and stability condition which we
have proposed that in the our previous work as follows
f(R) = R+R ln [
R
Rc
]
∓ǫ
, (3)
where Rc is positive constants and ǫ is a small and
dimensionless constant. It is clear f(R)|R=0 = 0, on
the flat space time and in the ǫ ≪ 1, Eq. (3) reduced
to
f(R) ⋍ R(
R
Rc
)∓ǫ. (4)
Also, in (P. Brax, C. Van de Bruck (2008)) have been
given that
V (φ) =
Rf ′(R)− f(R)
2f ′(R)2
. (5)
Then, with substituting (4) into (5) the function
Veff (φ), will become
Veff = ∓
ǫRc
2
e2βφ(1±
1
ǫ
) + ρ¯eβφ. (6)
It is obviously seen that the potential
V (φ) = ∓
ǫRc
2
e2βφ(1±
1
ǫ
)
satisfy the conditions of chameleon mechanism
dV
dφ
< 0,
d2V
dφ2
> 0,
d3V
d3φ
< 0. (7)
3Assuming φ ≪ ǫ ≪ 1, one can find the solution of
V ′eff = 0, with hypothesis ρ¯≪
2Rc
ǫ as
φmin = [
−ρ¯+Rc
2βRc
]ǫ. (8)
The effective potential Veff has two minima at the field
value φin and φout according to (8), established upon
ρ¯in and ρ¯out, respectively. Here, the φin correspond to
the region with a high density that gives rise to a heavy
mass squared, whereas the φout to the lower density
region with a lighter mass. Generally, the masses of
scalar fields about these minima are given by m2in =
d2Veff (φin)
dφ2
and m2out =
d2Veff (φout)
dφ2
. In this regard, the
near of massive bodies with a heavy field mass, it is
known that the spherically symmetric body has a thin-
shell under the chameleon mechanism, i.e.
∆r¯c
r¯c
=
φout − φin
6βφc
≪ 1. (9)
Solution, equation (1) with appropriate boundary con-
ditions φout = φ(r = ∞) gives the field profile of the
body(r¯ > r¯c)
φ(r¯) ≃ −
β
4π
3∆r¯c
r¯c
Mce
−mout(r¯−r¯c)
r¯
+ φout. (10)
3 Thin-Shell Condition
In the chameleon mechanism, the chameleon field is
trapped inside massive bodies and its influence on the
other bodies is alone caused by a thin-shell close to
the surface of the body (J. Khoury and A.Weltman
(2004)). Hence, by substituting (8) and (10) into the
thin-shell condition,(9), we have
∆r¯c
r¯c
= [
ρ¯in − ρ¯out
12β2ΦcRc
]ǫ. (11)
Where ρ¯in and ρ¯out are energy densities inside and out-
side of the body in the Jordan frame. Note that Rc is
not very different from ρin. Since ρout ≪ ρin ≪
ΦcRc
ǫ ,
also moutr ≪ 1, means that the Compone wavelength
m−1out is very larger than Solar System scales, then in the
relation r¯ = e−2βφr we can apply r¯ ≃ (1−2βφ+ · · · ) ≃
r. In the following we eliminate the bar upon the quan-
tity r. We will first discuss post-Newtonian solar- sys-
tem constraints on the model (3) or (4). In the weak-
field approximation the spherically symmetric in the
Jordan frame is as
ds2 = [1 + 2a(r)]dt2 − [1 + 2b(r)]−1dr2 − r2dΩ. (12)
Where a(r) and b(r) are the functions of r. It was
shown in (L. Amendola et al (2007)) that under the
chameleon mechanism the post-Newton parameter,
γPPN =
b(r)
a(r) , is approximately given by
γPPN =
3− ∆rcrc
3 + ∆rcrc
≃ 1−
2
3
∆rc
rc
, (13)
presuming that the condition moutr ≪ 1 holds on the
solar-system. At the moment, if we apply (11) on
the Earth and obtain the condition the thin-shell on
the it, then to presumption that the Earth is a solid
sphere with radius Re = 6.37 × 10
3km and a mean
density ρe = 5.52g/cm
3 also is surrounded by an at-
mosphere with homogenous density ρatm ≃ 10
−3g/cm3
and ratm ≃ re as well as with the aid of the present
tightest constraint on γPPN , |γPPN − 1| < 2.3 × 10
−5
(S. A. Appleby and R. A. Battye (2007)), we obtain
∆rc
rc
< 3.45× 10−5. (14)
By substituting (11) into (14) and replace the dimen-
sionless Earth potential Φc = Φe =
MeG
Rec2
= 6.95×10−10
(S. Weinberg (1972)),
ǫ < 4.79× 10−14
Rc
ρin
(15)
By set ρin = ρe =
6Φe
r2e
= 1.02 × 10−26cm−2, the equa-
tion (15) gives ǫ < 4.79 × 1012Rc, so taking Rc ∼ ρin,
we have ǫ < 4.79 × 10−14. It is observed that the de-
viation from the general relativity is very small. It
is notable that this model of f(R) gravity has been
studied in (J. K. Hoskins et al (1985)), for a weak
field limit. In this regard, the line element was ob-
tained as for f(R) = R( RRc )
∓ǫ model from f(R) grav-
ity (A. Aghamohamadi and Kh. Saaidi., et al (2009)),
given as
ds2 = (1−
2M
r
∓ 2ǫ ln(r))dt2 −
dr2
(1− 2Mr ∓ 2ǫ)
− r2dΩ
(16)
This shows that
a = −
M
r
∓ ǫ ln(r), (17)
b = −
M
r
∓ ǫ. (18)
One can obtain γPPN , up to second order of ǫ as
γPPN =
b
a
≃ 1±
ǫr
M
[1− ln(r)] +O(ǫ2). (19)
Whereas, the most distance in the solar system is
around 5.5 × 1012m, so that Mr =
GM
rc2 ≃ 2.5 × 10
−8.
4Therefore one can obtain γPPN ≃ 1∓1.13×10
−5. This
measure of γPPN , was obtained in the Jordan frame of
f(R) gravity is agreement with the experimental con-
sequence of γPPN .
4 Equivalence Principle
Now, we will consider experimental bounds from a
probable violation of the equivalence principle(EP). For
this doing, we suppose the Earth and its atmosphere
to be an isolated body far away from the effect of
the other objets such as Moon, the Sun and the next
planets. The same as the previous section that spec-
ified, the Earth has a mean density ρe ≃ 5.5g/cm
3
with radius re = 6.37 × 10
3km and the atmosphere
density ρatm ≃ 10
−3g/cm3. The region outside the
atmosphere(r > ratm) has a homogeneous density ρG ≃
10−24g/cm3 (S. Capozziello and S. Tsujikawa (2008)).
Clearly, we know the gravitational potentials inside
a spherically symmetric body, such as the Earth and
the atmosphere as Φe ∝ ρer
2
e , Φatm ∝ ρatmr
2
atm re-
spectively. As a result, we have Φe ≃ 5.5 × 10
3Φatm
with assume ratm ≃ re. From Eq. (9), for the
field values Φatm and ΦG correspond with the regions
re < r < ratm and r > ratm at their local minima
of the effective potential respectively we have ∆ratmratm =
(ΦG−Φatm)
6βΦatm
< 1.5 × 10−2. Where ∆ratm = 10
2km, i.e.
(when the atmosphere has a thin-shell then the thick-
ness of the shell (∆ratm ) is smaller than the atmo-
sphere rs = 10 − 10
2km) and ratm = 6.5 × 10
3km.
Therefore, ∆rere =
(Φatm−Φe)
6βφe
≃ 2 × 10−4 ∆ratmratm . Where,
we have used from Φe = 5.5 × 10
3Φatm. As a result,
the condition have a thin-shell for the atmosphere as
∆re
re
< 3× 10−6. (20)
By making use of the EP test, we want to mea-
sure the difference of the free-fall acceleration of the
Moon and the Earth toward the Sun. The con-
straint on the difference of two accelerations is given
by (S. Capozziello and S. Tsujikawa (2008))
η ≡ 2
| aMoon − ae |
aMoon + ae
< 10−13. (21)
The acceleration induced by fifth force with the field
profile φ(r) and the effective coupling βeff is a
fifth =|
βeffφ(r) |. Then the acceleration ae and aMoon are
(J. Khoury and A.Weltman (2004))
ae ≃
GM⊙
r2
[
1 + 3(
∆re
re
)
2 Φe
Φ⊙
]
(22)
aMoon ≃
GM⊙
r2
[
1 + 3(
∆re
re
)
2 Φe
2
Φ⊙ΦMoon
]
(23)
Substituting the dimensionless potentials, Φ⊙ ≃ 2.1 ×
10−6,Φe ≃ 6.95× 10
−10 and ΦMoon ≃ 3.1× 10
−11 into
the Eq (22, 23) and combine those with Eq (21) gives
∆re
re
< 2.1× 10−6. (24)
Which is the same order of the condition (20) as in the
thin-shell condition for the atmosphere. Taking Eq.
(24) as the constraint of violation of EP and combining
with (11) one can obtain
ǫ <
0.3Rc
ρin
× 10−14, (25)
which is not different from (15)
5 Fifth Force
We want to consider the fifth force mediated by φ. The
dynamics of φ is still governed by the effective potential
which is important when there is a component of mat-
ter whose energy-momentum tensor has nonzero trace.
The solar system constrains get simply by making the
large field mass associated with the field φ, is given
by m2min = Veff,φφ(φmin). The profile for a potential
connected with a fifth force interaction is given by a
Yukawa potential between two tests masses m1 and m2
by distance r as
V (r) = −α
m1m2
8π
e−mφr
r
(26)
Where α is strength of the interaction and m−1φ is the
range. Therefore the fifth force experiment constrains
regions of ( ǫ,m−1φ ) parameter space. The experiments
are generally fulfilled in a vacuum chamber that the
range of the interaction is the same order of the spa-
tial dimension of the chamber, namely mφ
−1 ∼ Rvac.
The tightest bound of the strength of the interaction
is α < 10−3(J. K. Hoskins et al (1985)). We consider
two identical bodies with radius, mass, uniform den-
sity rc,mc, ρc, respectively, in to the chamber. Assum-
ing the thin-shell condition is satisfied by the two bod-
ies, their field profile out side the bodies are given by
(B. Li and J. D. Barrow (2007))
φ(r) = −
β
4π
3∆rc
rc
mce
− r
Rvac
r
+ φvac. (27)
Hence the corresponding potential energy of the inter-
action is
V (r) = −2β2(
3∆rc
rc
)
2mc
2
8π
e−r/Rvac
r
. (28)
5The bound on the strength of the interaction to be given
as follows
2β2(
3∆rc
rc
)
2
< 10−3. (29)
Writing Eq. (11) for every one of the test bodies, we
get
∆rc
rc
≈ [
ρc − ρvac
12β2φcRc
]ǫ (30)
Here ρvac is energy density of the vacuum inside the
chamber. In the experiment performed in (J. K. Hoskins et al
(1985)), for a typical test body with mass mc ≈ 40gr
and radius rc ≈ 1cm the density ρc and the potential
Φc have been obtained 9.5gr/cm
3, 10−27 respectively.
Furthermore, the pressure in the vacuum chamber have
been reported 3 × 10−8mmHg which is equivalent to
ρvac ≈ 4.8 × 10
−14gr/cm3. Substituting the upon val-
ues in to (30) and combining with (29) result in the
bound
ǫ < 3.6× 10−29
Rc
ρc
. (31)
Which if we replace ρc = 1.7 × 10
−26cm−2, with sub-
stitute in to Eq. (31) we can obtain ǫ < 2× 10−3Rc
6 Conclusion
In this paper we have constrained f(R) model of grav-
ities, using the renowned equivalence between these
models and scaler tensor theories. Mostly, in this rep-
resentation from f(R) theory there is a strong coupling
of the scalar field with the matter sector. We have used
from the chameleon mechanism to suppress this cou-
pling. We have shown that in order to the model (3) be
consistent with the present local gravity experiments,
the parameters ǫ and Rc should satisfy the following
conditions.
• The thin-shell condition of chameleon mechanism for
model (3), is satisfied for ǫ . 4.79× 10−14Rcρe
• This model is consistent with EP experiment for ǫ .
0.3× 10−14Rcρe
Whereas, the structure of this paper is perturbation
state of general relativity, hence ǫ should be small.
Therefore, we suggest Rc must be the same order of
ρe = 10
−26cm−2, where with this value of Rc, we
have found that the model (3) is consistent with the
thin-shell and EP conditions for ǫ . 10−14, as well
as it is consistent with fifth force. At the moment,
as a result applying the above values from ǫ, we ob-
tain γPPN ≃ 1 ∓ 1.13 × 10
−5. That is remarkable
that this value of γPPN are nearly equal to what is
required by observation. It should be implied that
the above result is achieved under the assumption that
ρout ≪ ρin ≪
ΦcRc
ǫ . Therefore, the studied model is a
viable f(R) model which satisfied EP and Solar System
bounds and it has very small deviation from the general
relativity.
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